Little is known about the psychosocial profiles of parents who have a child with an undiagnosed chronic illness. The National Institutes of Health Undiagnosed Diseases Network (UDN) evaluates individuals with intractable medical findings, with the objective of discovering the underlying diagnosis. We report on the psychosocial profiles of 50 parents whose children were accepted to one of the network's clinical sites. Parents completed questionnaires assessing anxiety, depression, coping selfefficacy, and health care empowerment at the beginning of their child's UDN clinical evaluation. Parents of undiagnosed children had high rates of anxiety and depression (~40%), which were significantly inversely correlated with coping self-efficacy, but not with health care empowerment. Coping self-efficacy, depressive, and anxiety symptoms were better in parents with older children and with longer duration of illness. Gender differences were identified, with mothers reporting greater health care engagement than fathers. Overall, our findings suggest that parents of children with undiagnosed diseases maintain positive coping selfefficacy and remain actively engaged in health care and to a lesser degree tolerance for uncertainty, but these come with a high emotional cost to the parents. As the parents' psychological needs may not be obvious, these should be ascertained and the requisite support provided.
Introduction
Approximately 30 million Americans live with undiagnosed diseases, which are associated with high rates of morbidity and mortality (Angelis et al. 2015; Christianson et al. 2006; Eurordis 2005) . Undiagnosed diseases often present in early in life, with~50% of undiagnosed individuals being children (https://globalgenes.org, 2015). The majority (~80%) of undiagnosed diseases are believed to have an underlying genetic basis (Chong et al. 2015) . Therefore, children with undiagnosed diseases often undergo numerous evaluations and extensive genetic testing in an effort to obtain a diagnosis, leading to what has been termed a Bdiagnostic odyssey ( Rosenthal et al. 2001 ). This diagnostic odyssey can be a significant source of parental stress and uncertainty, the psychosocial effects of which remain poorly characterized.
The Undiagnosed Diseases Network (UDN), funded by the National Institutes of Health, is a nationwide network-based research study established in 2013, bringing together clinical and research experts from across the USA to solve the most challenging medical mysteries. The UDN employs deep phenotyping, pertinent clinical and laboratory testing, whole exome sequencing (WES), and advanced technologies such as whole genome sequencing (WGS), metabolomics, and animal modeling in its diagnostic efforts (https://undiagnosed.hms. harvard.edu). Seven academic medical centers comprise the UDN clinical sites and receive applications of undiagnosed adult and pediatric patients after extensive examinations and tests have failed to yield a diagnosis from all over the USA with a few international as well.
The parental experience of searching for a diagnosis has been described as a journey, with two distinct components: an inner emotional experience that includes the realization there is a problem, wanting a diagnosis, and coping with it and the outer sociological experience which includes experiences with professionals and support networks (Lewis et al. 2010) . Understandably, the focus of this diagnostic odyssey is the child's health, with the parents worrying about worsening of symptoms and delays in treatment or inappropriate treatment, which can result in stress and frustration (Carmichael et al. 2015; Rosenthal et al. 2001; Spillmann et al. 2017; Yanes et al. 2016; Zurynski et al. 2017) . Only a few studies have aimed to study the emotional impact of this journey on the parents of a child with an undiagnosed disease. Madeo et al. (2012) reported that the uncertainty of not having a diagnosis was related to less personal control and reduced optimism. In a comparative study of parents of children with undiagnosed genetic conditions and mothers of children with dystrophinopathies, the former had significantly less hope, perceived social support, and coping self-efficacy, suggestive of worse adaptation in the undiagnosed group (Peay et al. 2016; Yanes et al. 2016) . Similarly, Lingen et al. (2016) found that maternal quality of life scores were lower in children with an unconfirmed chromosome abnormality when compared to mothers whose children were diagnosed with a specific chromosome microdeletion or duplication We recently reported elements of chaos in illness narratives written by parents of children with undiagnosed disorders in the UDN (Spillmann et al. 2017) . Chaos narratives are characterized by uncertainty, fear, suffering, inability to consider a future and to make plans, and loss of control, self, or purpose (Bally et al. 2014; Frank 1995; Nettleton et al. 2005; Whitehead 2006) . Taken together, these reports indicate that there are high rates of emotional distress in parents of children with undiagnosed diseases. However, no study has assessed parental depression and anxiety in these parents.
Since the literature on the psychosocial impact of parenting a child with an undiagnosed disease is limited, the literature on parents of children with diagnosed disorders that result in chronic health problems can provide some additional insights. Parents of children diagnosed with rare genetic disorders also report feelings of social isolation, anxiety, fear, anger, uncertainty (Pelentsov et al. 2015) , and high parental physical and emotional strain (Dellve 2006) . One third to half of parents of children with chronic health disorders (Besier et al. 2011; Driscoll et al. 2009; Guillamon et al. 2013; Kim et al. 2010; Peay et al. 2016 ) had symptoms of anxiety and depression, which were significantly higher than the general population (Besier et al. 2011) suggesting that the increase in depression and anxiety is related to having a child with a chronic health condition. The extent to which depression and anxiety is further increased by the additional element of parenting a child with an undiagnosed chronic health condition is unknown.
For parents of children with undiagnosed disorders, we propose that sociodemographic variables such as the child's age, gender of the parent, and previous experiences with diagnostic testing including the length of time in search of a diagnosis may influence the parental psychosocial state. One such variable may be a prior non-diagnostic WES result. The majority of undiagnosed children will have a non-diagnostic WES (Need et al. 2012) and their parents are representative of those who have reached the Bend of the road^with all available diagnostic options and potentially have worse emotional distress than those without a prior WES. Few publications have specifically examined the impact of a non-diagnostic WES on the psychosocial well-being of parents. Skinner et al. (2016) reported that when parents had a non-diagnostic WES in their child and felt they had done all they could, and instead of continuing to pursue a diagnosis, they would wait for science to advance. However, in our study of parental perceptions of the WES process, we found that for some parents, a nondiagnostic WES led to concerns about what direction to take next, ongoing frustration, and disappointment, while for others, the continued diagnostic odyssey was infused with resiliency and the hope that a better future would be possible (McConkie-Rosell et al. 2016) . Both of these studies were qualitative and did not measure parental psychosocial profiles, which may be affected by a non-diagnostic WES. Similarly, there is limited research on maternal versus paternal emotional distress related to having a child with a chronic illness (Cohen 1999; Pelchat et al. 2009; Perry et al. 1992 ). Mothers of children with diagnosed life-limiting illnesses have been found to have higher rates of depressive symptoms and caregiving burden with less optimism than fathers (Schneider et al. 2011) , and mothers of children with undiagnosed multiple anomalies and/ or developmental delay have lower quality of life scores than fathers (Lingen et al. 2016) . However, mothers have also been found to utilize greater emotional and social support coping strategies (Salas et al. 2017 ) and experience greater positive growth than fathers (Schneider et al. 2011) . Such gender differences have not been comprehensively measured in parents of undiagnosed children.
The UDN offers a unique opportunity to examine the psychological characteristics of parents of children with undiagnosed diseases who are in the process of undergoing extensive clinical and laboratory evaluations, including WES and/or WGS with the goal of diagnosis. The parents' psychosocial state is important to consider as it can have a direct effect on the parental ability to actively engage in the diagnostic process and can have long-term consequences for the child and family (Driscoll et al. 2009; Guillamon et al. 2013; Muscara et al. 2015a ). These parental psychological profiles are needed to identify interventions to improve outcomes for children and their families and are especially relevant for the medical geneticist and genetic counselors who partner with parents in the search of a diagnosis.
Our primary objectives are (1) to assess parental psychosocial profiles, by describing the parental inner emotional state associated with having an undiagnosed child and their perceived abilities related to coping self-efficacy and health care empowerment, and (2) to determine if sociodemographic variables and prior non-diagnostic WES are associated with the parental psychosocial profiles. We provide for the first time data on depressive and anxiety symptoms in parents of undiagnosed children. Our hypotheses are that there are high rates of anxiety and depression symptoms in parents of undiagnosed children and that these are associated with lower coping self-efficacy and lower health care empowerment. We also posit that the duration of illness, gender of the parents, and prior non-diagnostic WES would result in differences in the parental inner emotional state and their perception of abilities to cope and act on their child's behalf.
Materials and Methods

Sample
All data for the study were collected prospectively at the Duke UDN clinical site. The study was reviewed by the Duke University Medical Center Institutional Review Board (IRB) and approved by the central IRB at the National Institute of Health (NIH) . At the time of acceptance to the Duke UDN site, parents of children (minor child or adult child incapable of giving consent) were informed about this optional substudy and those who agreed to participate were consented during the child's evaluation. Parents unable to complete the study measures in English were excluded. The study measures were completed on the first day of the UDN evaluation. If both parents were willing to participate, but only one parent attended the evaluation, the absent parent was sent a copy of the measures to complete, with the exception of the depression (Patient Health Questionnaire (PHQ-9)) and anxiety (Generalized Anxiety Disorder (GAD-7)) measures. These two measures were completed only in person so that if a risk for significant self-harm or scores suggesting clinical depression or anxiety was uncovered, appropriate follow up and evaluation could be arranged by the attending physician. Parents were also able to opt out of completing an individual measure.
Measures
Parental Inner Emotional State
Patient Health Questionnaire This is a nine-item inventory for screening, diagnosing monitoring and measuring the severity of depression. The PHQ-9 incorporates DSM-V (www.dsm5. org) depressive diagnostic criteria and has excellent internal reliability (Cronbach's alpha = 0.89) (Kroenke et al. 2001 ). The item scores are 0 to 3 (0 = BNot at all^to 3 = BNearly every day^). Item 9 screens for the presence and duration of suicidal ideation. Higher scores on the nine items indicate higher levels of depressive symptoms. PHQ scores ≥ 10 have a sensitivity of 88% and specificity of 88% for a clinical diagnosis of major depression. Scores of 5, 10, and 20 represent mild, moderate, and severe depression.
Generalized Anxiety Disorder Anxiety was assessed using the GAD-7 scale, a seven-item inventory for screening, diagnosing, monitoring, and measuring the severity of generalized anxiety disorder. The GAD-7 has good reliability (Cronbach's alpha = 0.79-0.91) (Dear et al. 2011) . The scale was developed and validated based on DSM-IV criteria, but it remains clinically useful after publication of the DSM-V (www.dsm5.org). Response options range from 0 to 3 (Bnot at all,^Bseveral days,^Bmore than half the days,^and Bnearly every day^). Higher scores indicate higher levels of anxiety symptoms. Scores of ≥ 10 are indicative of a generalized anxiety disorder. Scores of 5, 10, and 15 are suggestive of mild, moderate, and severe anxiety disorder, respectively (Spitzer et al. 2006 ).
Perceived Abilities to Take an Action-Coping
Coping Self-Efficacy Scale This is a 26-item measure of one's confidence in performing coping behaviors when faced with life challenges and is based on the theory of self-efficacy, a way of being able to control one's behavior (Chesney et al. 2006) . It assesses three factors, problem-focused coping, stopping unpleasant emotions and thoughts, and receiving support from friends and family, and was developed initially with patients with HIV infection (Bandura 1997) . The Coping SelfEfficacy Scale (CSE) has been found to be a reliable measure (Cronbach's alpha = 0.79-0.92) and can assess longitudinal changes in coping self-efficacy (Chesney et al. 2006) . Response options range from 0 to 10 scale (Bcannot do at allt o Bcertain can do^). A CSE total score was computed for each participant. The subscales were not computed as they have not been previously reported individually in the literature.
Outer Sociological Experience: Perceived Abilities to Take an Action-Health Care Health Care Empowerment Inventory This is an eight-item inventory composed of two subscales assessing actions one can take regarding health care and tolerance of uncertainties in treatment outcomes, using a 5-point Likert scale (BStrongly disagree^to BStrongly agree^) (Johnson 2011 ). Higher scores indicate higher levels of health care empowerment. Reliability of the Health Care Empowerment Inventory (HCEI) is high (Cronbach's alpha = 0.82) (Johnson et al. 2012) . For this study, Bmy child^was added to the items, wherever it referred to the patient, to make the questions pertinent to the parent respondents. For example, BI prefer to get as much information as possible about treatment options^was revised to BI prefer to get as much information as possible about my child's treatment options.^The informed, committed, collaborative, and engaged score (ICCE) was computed for each participant by summing the responses to the four items that measure actions one can take regarding health care engagement. The tolerance for uncertainty (TU) score was computed by summing the responses to the four items that measure emotional coping, defined as being tolerant or resilient to uncertainties in treatment outcomes. The HCEI was originally developed for patients with a known disorder (HIV infection) that had treatment options, and it was found to be predictive of an improved health outcome with greater adherence to medical management (Johnson 2011; van den Berg et al. 2016) . For the purpose of this study, the term Bhealth care engagement^will be used to describe ICCE; tolerance of uncertainly (TU) will be used as is.
Data Analyses
Statistical analyses were performed with the Statistical Package for the Social Science (SPSS) version 24.0. The measures were scored according to the instructions. Measures that were incomplete were not utilized in the analyses for that parent. Descriptive analyses, Fisher's exact test, chi-square, and student's t test were used to describe the demographics, the overall results on the measures, and the gender differences in the measures. Z-scores were calculated for all measures based on data published in the literature: for PHQ-9 and GAD-7, these were derived from the mean ± SD from the general population (Hinz et al. 2017; Kocalevent et al. 2013) . For the CSE and the HCEI, published norms based on HIV-positive patients were used (Chesney et al. 2006; Crouch et al. 2015) , since these questionnaires were developed using this patient population.
Bivariate correlations were performed to examine the relation between the GAD-7, PHQ-9, age of the child, duration of illness, CSE, and HCEI. Key variables with significant correlations were then entered into a multiple linear regression model, with the dependent variables of CSE and HCEI.
There were 31 affected children whose parents participated in the study and in 19 of these, both parents of the same children participated. Since we had both the mother and the father of the same child respond in some instances, we performed a mixed effects linear model to examine the effects of gender differences on the measures, with the entire cohort of 50 parents as well as with only one parent responder (who was randomly selected for the 19 duplicate responses), for each of the 31 probands. The results were not substantively different except for the HCEI health care engagement subscale, which was significantly higher in mothers when all 50 parents were included and so we present data on the 31 parents as well for this. For all other measures, we present data on all 50 parents. With no studies thus far on gender differences in parents of undiagnosed children, it was important to include the entire cohort. Additionally, the objective of the study was to study parental emotional distress, so the parsimonious approach of randomly selecting one parent only for each child would lead to us not being able to capture the extent of the psychological distress in these parents. Lastly, the children accepted to the UDN are generally severely affected with little heterogeneity in their medical manifestations, and hence, the demands placed on the parents and the parental experiences would be similar across these.
Data Availability
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
Results
Demographics
A total of 65 parents of 39 affected children (probands) were offered the study and 16 (9 mothers and 7 fathers) declined to participate, resulting in 31 probands whose parents participated. The demographics of the cohort of 50 parents who participated are in Table 1 . The racial distribution in this cohort is similar to the overall distribution in the UDN.
Psychological Measures
Since the norms that the Z-scores were based on differed among the measures, varying from the general population (Dear et al. 2011; Kroenke et al. 2001 ) to individuals with a specific disorder (HIV infection) (Chesney et al. 2006; Crouch et al. 2015) , we present both the total scores (Table 2 ) and the Z-scores (Fig. 1) for these.
Parental Inner Emotional State
Anxiety and Depression Of the 44 parents who completed the GAD-7 and PHQ-9, 29 (65.9%) did not meet criteria for depressive disorder, 8 (18.2%) had mild depression, and 7 (15.9%) had moderate depression. Twenty-six parents (59.1%) did not meet criteria for anxiety, 11 (25%) had mild anxiety, 6 (13.7%) had moderate anxiety, and 1 (2.3%) had severe anxiety (Table 2 ; Fig. 1 ).
Abilities to Take an Action: Coping and Health Care
Coping Self-Efficacy The CSE scores were high in this cohort, indicative of normal coping skills, and as the Z-scores in Fig. 1 indicate, they are a relative strength of the parents in our study.
Health Care Empowerment Overall, both the health care engagement and TU scores were normal, and when compared to each other, the health care engagement is higher for the total sample than TU (paired samples t = 5.17, p < 0.001). Health Care engagement and TU were also significantly correlated (r = 0.33; p < 0.05).
Gender Differences
We examined differences between fathers and mothers on all measures to ascertain gender differences in the psychosocial profiles ( Fig. 2 and Table 3 ). There were no gender differences in the severity (mild, moderate, and severe) of both anxiety (χ 2 = 1.49, p > 0.05) and depression (χ 2 = 3.36, p > 0.05). There were also no gender differences in the CSE, but we did see gender differences in the HCEI scores as seen in Table 3 . For the health care engagement subscale, when only one parent for each proband (n = 31) was selected, the scores were 16.14 ± 2.79 for males (n = 7) and 18.70 ± 1.55 for females (n = 23), t = − 3.13, p < 0.01, with one absent parental response. Thus, gender differences were evident even in this smaller set of parents, despite the differential results on the mixed modeling linear analyses.
Because of the limited information reported on parental health care empowerment, we reviewed the HCEI item by item. This analysis revealed that mothers had significantly higher scores than fathers on all the four items of the health care engagement subscale ((1) t = − 4.24, p < 0.001; (2) t = − 2.90, p < 0.01; (3) t = − 4.09, p < 0.001; (4) t = − 3.96, p < 0.001). Mothers also had significantly higher scores, on two of the TU items (BI accept that the future of my child's health condition is unknown even if I do everything I can( t = − 2.39, p < 0.05) and BI recognize that there will likely be setbacks and uncertainty in my child's health care treatment.( t = − 2.44, p < 0.05)). The health care engagement and TU subscales were also significantly correlated for mothers (r = 0.49, p < 0.01), but not for fathers (r = − 0.033, p > 0.05).
Previous Non-diagnostic WES and Psychosocial Profiles
Overall, there were no differences in anxiety, depression, and CSE between parents who had experienced a non-diagnostic WES, compared to those who had not (Table SI) . Health care engagement showed a trend toward being higher in parents whose children had been through WES previously (t = 1.9, p = 0.06, Cohen's d effect size = 0.55) (Cohen 1988 ).
Correlations Between Key Demographics, Parental Inner Emotional State, and Perceived Ability to Take Actions
Demographic variables related to the child's illness were overall not significantly related to the psychosocial measures, except for a positive correlation between the duration of illness and age of the child with CSE (Table 4) . Since anxiety and depression were reported in a sizeable proportion of parents, we examined the correlations between these and the CSE and HCEI subscales (Table 4 ) and found a negative relation between CSE and anxiety as well as depression.
Linear Regression Analyses
In order to delineate the relation between CSE, health care engagement and tolerance for uncertainty and key demographic and depression and anxiety measures, linear regression analyses were performed and the results are in Table 5 .
Discussion
The psychosocial profiles of parents of undiagnosed children that are being evaluated by the Duke UDN clinical site provide insights into the inner emotional distress associated with the diagnostic odyssey, as well as the commitment of the parents to improving health outcomes for their children. We found that~35-40% of parents met criteria for mild to moderate depression and mild to moderate anxiety and while this is the first study to report the frequency of these in parents of undiagnosed children, this incidence is similar to that reported in parents of children with diagnosed chronic disorders (Besier et al. 2011; Driscoll et al. 2009; Kim et al. 2010) . Given this high frequency of anxiety and depression, it is clear that these parents should be screened for both disorders and treated appropriately (Waszczuk et al. 2016) . Depression and anxiety symptoms may result in parents having difficulty in taking an active caregiving role for their children (Driscoll et al. 2009; Guillamon et al. 2013; Muscara et al. 2015b) , and for parents of undiagnosed children, encounters with health care providers may be particularly distressing due to the anxiety and depression. The consistent finding, even with treatment, of increased rates of depression and anxiety in parents of children with chronic disorders (Driscoll et al. 2009 ) and findings from our study suggest that interventions for parents should include emotion and problem-focused coping strategies. Overall, coping self-efficacy was high in the parents of the UDN and they were found to be engaged in their child's health care and to a lesser degree tolerant of uncertainty. We found that the coping self-efficacy in our cohort was higher than in the one previous study of parents whose children are undiagnosed (Yanes et al. 2016 ) and so it was interesting to note this dissimilarity. It is possible that the parents in our study, who are taking the Bnext steps^on their journey through evaluation in the UDN, may feel more self-efficacious due to participation in the network or they may have been more self-efficacious to begin with, given that they applied to the network. Coping self-efficacy has been shown to have a positive longitudinal association with improved psychological adaptation (Peay et al. 2016) , better physical and mental health, and lower anxiety (Guillamon et al. 2013) . For the parents in our study, we found Age of the 31 children (mean ± SD and minimum-maximum in years) 7.83 ± 4.96 (1-18) Duration of the 31 children's illness (mean ± SD and minimum-maximum in years) 5.89 ± 4.64 (1-18) Previous non-diagnostic WES in the 31 children 15/31, 48% Self-identified primary parent contact for the UDN Mother (34/50, 68%)
Father (4/50, 8%) Both parents (12/50 24%) Crouch et al. (2015) , Hinz et al. (2017) , and Kocalevent et al. (2013) this same association of better coping self-efficacy with reduced depression and anxiety. It would be interesting to determine the longitudinal trajectory of coping self-efficacy in our cohort. The HCEI is designed to measure critical factors, which if present, have been demonstrated to improve health outcomes through actions that can be taken for health care engagement and tolerance of uncertainty (Johnson 2011; van den Berg et al. 2016 ). In our cohort, parents reported similar levels of health care engagement and tolerance for uncertainty as adults managing a known diagnosis with an associated treatment (Crouch et al. 2015) . Overall health care engagement was significantly higher than tolerance for uncertainty and they were positively correlated. Although the tolerance for uncertainty was lower than health care engagement, it is clear that Fig. 2 Illustrates the gender differences in Z-scores across all five measures, highlighting the higher scores in the mothers for health care engagement and the trend for tolerance for uncertainty being lower in males Error Bars: 95% CI Fig. 1 Z- scores of anxiety and depression symptoms (n = 44), coping self-efficacy (n = 49), health care engagement, and tolerance of uncertainty (n = 47) in the parents. The negative Z-scores on the PHQ-9 and GAD-7 indicate higher scores on the depression and anxiety measures these parents are more tolerant of uncertainty than what would have been expected based on previous studies (Madeo et al. 2012; McConkie-Rosell et al. 2016; Spillmann et al. 2017; Yanes et al. 2016) . Tolerance for uncertainty is an important adaptive coping strategy, and it is thought to be positively related to active engagement in the diagnostic process, investigation of treatment or management options, and commitment to following these through (Johnson et al. 2012 ). Although we did not formally study this, it is also possible that the participation of the UDN may have given the parents a sense of being more engaged in their children's health care and being more hopeful of finding a diagnosis and this may have influenced the tolerance for uncertainty scores, as hope is an important predictor of parental adaptation to uncertainty (Truitt et al. 2012) . Supporting this possibility are the frequent statements that parents make to the Duke UDN team during the evaluation, about the hope that the UDN offers them. Similarly, open-ended statements provided as part of a UDN-wide genetic counseling empowerment study reflected hope that participation in the UDN would lead to an end to the diagnostic odyssey; furthermore, there was appreciation for a program dedicated to individuals with undiagnosed conditions (Palmer, submitted manuscript). Contrary to our hypotheses, we did not see significant correlations between anxiety, depression, and the HCEI measures; this may be that health care engagement and tolerance for uncertainty are more outwardoriented than coping self-efficacy and the parents may feel the need to focus on these despite their inner emotional state. Parenting children with complex medical needs, with or without a diagnosis, frequently requires the parent to learn about and provide medical interventions, act as a care coordinator, and be an advocate for their child (Cady and Belew 2017; Spiers and Beresford 2017) , and parents in our study who are actively engaged in their children's health care are reflective of this process.
Effects of Duration of Illness, Age of Children, and Gender on the Findings
A longer duration of illness and older age of the child were associated with higher coping self-efficacy, but were not associated with tolerance for uncertainty or health care engagement. This pattern suggests that parents who have been on the diagnostic odyssey longer and have older children are developing better coping and self-efficacy skills, and that irrespective of these factors, they remain actively engaged in the Cohen's d effect size: 0.2 = small, 0.5 = medium, 0.8 = large (Cohen 1988) . Medium and large effect sizes are in italic child's medical care with an acceptance that some degree of uncertainty is inevitable. We also identified gender differences on our measures. The significantly higher scores in the mothers' health care engagement and the suggestion of greater tolerance for uncertainty may be related to the traditional role that parents may take with mothers having a more active role in a child's health care (Cohen 1999) . Indeed, mothers predominantly identified themselves as the main contact person in the UDN for their child in our cohort as well. Mothers may thus have a greater opportunity to ask questions and develop collaborations with health care providers, possibly resulting in greater tolerance for an uncertain health outcome for their child. A larger sample size may help in determining the relationship between gender and tolerance for uncertainty. We did not identify any gender differences in depression, anxiety, or coping self-efficacy. Thus, both mothers and fathers need the same level of support for anxiety and depression symptoms.
Effects of Prior Non-diagnostic WES
Approximately 50% of the children had had a prior nondiagnostic WES, attesting to the intractability of their disorders to the diagnostic process. Surprisingly, we found no significant differences in any of the measures in parents whose children had prior WES, compared to those that had not. We had surmised that we would see higher rates of depression in the subset that had had a non-diagnostic WES, since they would have faced the possibility that there were no other diagnostic options available to them. We did find a medium effect size for higher health care engagement in those who had had prior non-diagnostic WES and this should be explored in larger sample size. The diagnostic rate for the Duke UDN is approximately 34%, and thus, the majority of children enrolled in the UDN will remain undiagnosed. It will be important to follow up with parents once the outcome of their child's evaluation is known to determine the effect of diagnostic outcome on the parental psychosocial profiles. We have also previously reported that parents worry about the possibility that their child's WES could identify a lifelimiting disorder (McConkie-Rosell et al. 2016) and that the disorder could get worse (Spillmann et al. 2017 ). This anticipatory concern about results from genomic sequencing may be a factor in the anxiety and depression found in the parents whose children are in the UDN. Following families through the research process of the UDN with a larger cohort of parents would clarify these issues.
Study Limitations
Parents are required to take an active role in the UDN process, including filling in the application form, facilitating medical record collection, traveling to the Duke clinical site, and enduring several consultations/tests during the evaluation. This process may be a barrier to those families who do not have the emotional fortitude to continue the journey toward a diagnosis, despite the Duke UDN site providing all evaluations at no cost to the family and supporting their travel. Thus, this study may inherently be biased toward those with previously high coping self-efficacy and health care empowerment. Additionally, acceptance into the network may have also have influenced parental perceptions of these two factors. We did not collect socioeconomic indicators such as educational level and occupation, which could have had an influence on participation in the study. As this study is cross-sectional, it is not possible to determine causality nor change over time in the measures. We also did not ascertain if the parents had sought interventions for the depression and anxiety that may have affected the data we gathered. The sample size is also small and limited to English speakers, but is representative of parents whose children have been evaluated at the Duke UDN clinical site.
Conclusion
Overall our findings suggest that parents of children with undiagnosed diseases maintain positive coping self-efficacy, remain actively engaged in health care, and are tolerant of uncertainty, but these come with a high emotional cost to the parents, with at least a third experiencing depression and anxiety. Gender differences are predominantly related to mothers being more engaged in the children's health care. The high rates of anxiety and depression in Table 5 Regression analyses delineating relation between anxiety, depression, and demographics with CSE, health care engagement, and tolerance of uncertainty the parents may not be obvious to clinicians due to their ability to act on their child's behalf. Thus, screening for anxiety and depression and treatment if identified is essential, in addition to providing services for the children, to optimize their mental health and quality of life. It will be important to follow these parental profiles longitudinally, since if a diagnosis is made through the UDN, the prognosis and possible medical management would be expected to have an effect on the psychological wellbeing of the parents (Peay et al. 2016 ).
